Laser techniques such as pulsed laser deposition, combinatorial pulsed laser deposition, and matrix-assisted pulsed laser evaporation were used to deposit thin films for optoelectronic applications. High-quality transparent conductor oxide films ITO, AZO, and IZO were deposited on polyethylene terephthalate by PLD, an important experimental parameter being the target-substrate distance. The TCO films present a high transparency (>95%) and a reduced electrical resistivity (5 × 10 −4 Ωcm) characteristics very useful for their integration in the flexible electronics. In x Zn 1−x O films with a compositional library were obtained by CPLD. These films are featured by a high optical transmission (>95%), the lowest resistivity (8.6 × 10 −4 Ωcm) being observed for an indium content of about 44-49 at.%. Organic heterostructures based on arylenevinylene oligomers (P78 and P13) or arylene polymers (AMC16 and AMC22) were obtained by MAPLE. In the case of ITO/P78/Alq3/Al heterostructures, a higher current value is obtained when the film thickness increases. Also, a photovoltaic effect was observed for heterostructures based on AMC16 or AMC22 deposited on ITO covered by a thin layer of PEDOT:PSS. Due to their optical and electrical properties, such organic heterostructures can be interesting for the organic photovoltaic cells (OPV) applications.
Introduction
During the time, the deposition methods have been developed or/and adapted to process materials with special properties as thin films. It is well known that between the deposition methods and the quality of the obtained layers exist a strong correlation.
properties for targeted applications, by tuning the parameters implied in the deposition process. In the field of OPV applications, the requested TCO can be obtained using methods such as RF magnetron sputtering, oxygen ion beam-assisted deposition, spray chemical vapor deposition (CVD), PLD, and spray pyrolysis [22] [23] [24] [25] [26] .
For the preparation of the organic active layer, methods such as vacuum thermal evaporation, spin-coating, Langmuir-Blodgett, inkjet printing, and MAPLE can be used [27] [28] [29] [30] [31] .
In the following are briefly summarized the laser methods used in our work for the preparation of TCO and organic layers, to understand their basic principles, and the way in which the appropriate technique can be chosen in order to obtain layers with adequate properties.
Pulsed laser deposition (PLD)
PLD is a deposition technique widely used in the preparations of the thin films based on material or on combination of materials. High-quality coatings with special properties can be performed by PLD. Materials with complicated composition can be transferred by PLD on substrate without changing their stoichiometry [3] . During the material transfer process, a high-intensity laser source falls on a solid target containing materials used for deposition inside a vacuum chamber or filled with inert gas as nitrogen (N 2 ) or reactive gas as oxygen (O 2 ). Over a particular value of the incident laser intensity, the target elements are heated above their evaporation temperature (evaporation threshold). The materials are ejected from the target forming the plasma plume and moved toward the substrate. The plasma species that have sufficient energy condenses on the substrate producing the nucleation and the thin film grow up [32] . The target is rotated in order to prevent the local deterioration, which can affect the uniformity and quality of the obtained coating. A typical PLD experimental set-up is presented in Figure 1 . Into a PLD process, the most important parameters are laser fluence, deposition rate, substrate temperature, target-substrate distance, and number of laser pulses [33] . 
Combinatorial pulsed laser deposition (CPLD)
In the beginning, the CPLD was introduced, in chemistry, in the fields of drugs from the necessity to develop new active molecules [34, 35] , but this technique can be applied for a variety of materials: metals, semiconductors, polymers [36] [37] [38] , etc. This deposition method is a proper tool to obtain doped materials like TCO layers.
The great advantage of the CPLD over PLD is the possibility to perform in a single experiment samples with different composition. By comparison, in order to find the sample with the best properties using PLD technique, it is necessary to carry out a lot of samples with different compositions; a time-consuming process using CPLD is obtained, a so-called composition library. Practically, along the deposition substrate in each point, the concentration of the thin films is different. In Figure 2 , a CPLD deposition set-up is illustrated. In comparison with the PLD, in the CPLD deposition process is involved targets with different composition, situated at certain distance to each other [39] . An optical beam-splitter is used to split the laser beam into two beams. The targets are simultaneously ablated, generating intermixed films [40] .
Matrix-assisted pulsed laser evaporation (MAPLE)
This technique is also derived from PLD method; Piqué et al. [41] mentioned that this technique was first introduced by Epstein in 1997 [42] . MAPLE has the advantage that it can process soft materials (organics) that could not be transferred by other techniques because there is the risk that takes place-a decomposition of the materials. In MAPLE, the target is formed from the materials (one or more) that must be deposited, and an adequate solvent is used as matrix [43, 44] . The solvent is chosen to obtain a homogeneous mixture (concentration usually below 3%) and to be compatible with the used laser wavelength. The formed mixture (organic material and solvent) is subsequently frozen in liquid nitrogen to form a solid target. During the deposition, the laser energy is absorbed by the solvent and transformed into thermal energy, enabling the evaporation of the solvent, and this being pumped away by the vacuum system while the material of interest reaches the substrate [45] [46] [47] .
In MAPLE, smaller fluence are used (under 0.5 J/cm 2 ) in order to prevent the deterioration of the materials [44] . Another great advantage compared with methods used for the deposition of the organic materials is the possibility to obtain stacked layers without deterioration of the preliminary deposited layer [31] . Figure 3 presents a schematic representation of the experimental set-up used in MAPLE deposition.
In Table 1 , are presented comparatively the pulsed laser techniques described before which can be used to prepare thin films from different materials with thickness from nano to micrometers. 
Transparent conductive oxide (TCO) thin films deposited by PLD or CPLD-influence of the deposition conditions on their structural, morphological, optical, and electrical properties
The great interest in the field of TCO is proved by the high number of the research articles, reviews, books, or chapter books existent in the literature regarding this topic [48] [49] [50] [51] [52] [53] [54] [55] [56] . Various attempts were made to find the TCO with high optical and electrical properties and the best method to obtain these properties. The first TCO preparation is attributed to Badeker and dates from 1907, when CdO was obtained by the thermal oxidation of a Cd film deposited by sputtering [57] . ITO was frequently used in different applications, being one of the most-studied materials. There are many studies regarding the TCO prepared by PLD, the best result being reported for ITO thin films (7.2 × 10
Ωcm electrical resistivity and ~90% transparency [63] ). Also, by PLD, ITO layers with a smooth surface (root mean square (RMS) ~ 4.5 Å) were obtained [64] . The performances of the ITO deposited by PLD are superior to that presented by commercially available ITO deposited by sputtering.
The TCO film represents a key element in all applications, including OPV, due to the fact that through this electrode passes the light depending on its optical transmittance [65] .
Our results regarding the TCO films obtained by PLD and CPLD and their complex characterization by techniques such as X-ray diffraction (XRD), ultraviolet-visible spectroscopy (UV-VIS) and atomic force microscopy (AFM) are presented in the next section. Typical film thickness (nm) 1-5000 10-1000 10-5000 Table 1 . Advantages of pulsed laser techniques for deposition of thin films.
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Indium tin oxide (ITO)
This material was the subject of many research studies and is the most used electrode in OPV applications because it seems to present the best electrical conductivity and optical properties. It is used as hole injector material, having a work function between 4.5 and 5 eV [33] .
Because of the technological progress in the field of flexible electronics, light-weight and cheap TCO materials that are compatible with plastic substrates are necessary.
A PLD experimental set-up like that presented in Figure 1 was used to prepare ITO thin films on polyethylene terephthalate (PET) substrate. An excimer laser with KrF* (model COMPex-Pro 205, Lambda Physics-Coherent), λ = 248 nm, and τ FWHM = 25 nm was used to irradiate the ITO target (SCI engineered materials) in an ultrahigh vacuum chamber [1] . The depositions were made at room temperature, at 2 J/cm 2 laser fluence, and with 10 Hz repetition rate. The oxygen pressure was between 1 and 1.5 Pa. We have selected different deposition parameters: target-substrate distance (4, 6, or 8 cm) and the number of laser pulses (6000, 9000, or 12,000). The sample was labeled as ITO1 (4 cm distance and 6000 pulses), ITO2 (6 cm distance and 9000 pulses), and ITO3 (8 cm distance and 12,000 pulses).
Analyzing the ITO samples from the structural point of view (Figure 4a) , it was found that the films present a lower crystallinity. The ITO1 film deposited at the lower target-substrate distance appears as a small and large peak at 35.2° corresponding to the (400) diffraction plane. An increase in the diffraction peak from 35.2° is remarked for the ITO2. A supplementary peak at ~30.2° (a reduced one) that corresponds to (222) diffraction plane of ITO [66] is also disclosed. The film ITO3 deposited at higher target-substrate distance is amorphous. This means that there is an optimum for the deposition condition for assuring an increased crystallinity of the ITO layer.
The UV-VIS spectra for ITO samples (Figure 4b ) record subtracting the contribution of the flexible substrate and show the differences in the transmission degree. The sample ITO1 presents the lowest transparency (70-75%) that is being attributed to the presence of some defects (cracks) generated during a deposition process at this distance and the defects that scatter the light. In PLD, the deposition appears as species with an increased kinetic energy that can affect the deposition substrate and the way in which this takes place is the nucleation process [1] . Defects can appear due to the energy transferred through the collision of the energetic items such as atoms, ions, and molecules, with the substrate atoms or with the atoms previously deposited. The adatoms must have enough time and mobility to form films with a good adherence at reduced substrate temperature [67] .
The transmittance of the film increases with the increase of the target-substrate distance, reaching up to ~90% for the film deposited at a higher distance (ITO3). Figure 5 shows the topographic images obtained by AFM. The appearance of the cracks in the ITO1 film can be observed. Also for the second sample, it was obtained morphologically with cracks. These cracks are characteristic to ITO deposited on PET substrates in some experimental conditions, which were being reported by the other authors also [68] . The smallest RMS value (2.4 nm) was obtained for the ITO3 film, compared to ITO1 (RMS = 15.5 nm) and to ITO2 (RMS = 31.5 nm), the ITO3 being the film showing the highest transmittance. This aspect of the sample is different from the other two, no cracks being observed on it.
In terms of the electrical resistivity, the sample ITO2 was measured with a good resistivity (5.9 × 10 −4
Ωcm). Taking into account that this is the sample with the increased crystallinity, it can be concluded that there is a correlation between its crystallinity and its electrical properties. The sample ITO3 that is amorphous is featured by an increased resistivity (9.7 × 10
Ωcm). Higher value for the films is obtained by PLD at room temperature and had been reported by other authors [69] . The electrical properties of the TCO layers can be improved by heating the substrate is mentioned in the literature [70] .
Aluminum-doped zinc oxide (AZO)
Another studied TCO with n type conduction is AZO, which is a nontoxic candidate having properties close to ITO. AZO samples were prepared by PLD on PET substrate in the same condition as ITO using a target with 2% Al content (SCI engineered materials). The samples prepared in different geometrical configuration were also labeled as AZO1 (4 cm), AZO2 (6 cm), and AZO3 (8 cm). 
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As for ITO, defects like cracks were remarked on the AZO layers deposited at 4 cm targetsubstrate distance (AZO1) and at 6 cm (AZO2). Films with crystalline quality (Figure 6a ) were obtained at 6 and 8 cm. All AZO samples show a diffraction peak situated at ~34°, corresponding to (002) plane of ZnO [71] . The broadening of this peak from 34° for AZO1 is attributed to the presence of the lattice strain in this film, resulting in a peeling effect of the flayer.
The UV-VIS spectra in Figure 6b can be observed has a higher transmittance (over 90%) obtained for AZO3 coating compared with AZO1 and AZO2. A high optical quality is achieved for the film obtained at 8 cm target-substrate distance because, after target ejection, probably the energetic species have enough time to be thermalized in collision with the oxygen molecule when the distance is increased between target and PET substrate.
The AZO films present a morphology with long aggregates (Figure 7) . The AZO3 has the bigger aggregates (with size between 0.4 and 1 μm) that are oriented in the same direction. This is in concordance with the higher transmittance observed for this layer due to the reduction of the light scattering on the grain boundaries. The AZO2 film presents the morphology similarly to AZO3 but with smaller aggregates, the film having lower RMS value (5.2 nm) compared with AZO1 (RMS = 12.4 nm) and AZO3 (RMS = 8.5 nm). Ωcm) for AZO deposited on PET by RF magnetron sputtering at 100°C [72] .
Indium zinc oxide (IZO)
Competitive optical and electrical properties were found for IZO electrode in comparison with that reported for ITO. IZO has a work function of ~5.2 eV being framed also as an n type semiconductor. The same deposition parameters used before were preserved to deposit IZO by PLD on PET from a solid target formed with In in atomic concentration, In/(In + Zn), of 70% by mixing In 2 O 3 and ZnO powders (both from Aldrich). Also, in this case, the samples were labeled in accordance with the target-substrate distance: IZO1 (4 cm), IZO2 (6 cm), and IZO3 (8 cm).
As is reported in the literature [25] , generally, IZO layers deposited at room temperature are amorphous (Figure 8a) . A broad peak appears between 31 and 34° only for the IZO1 film. This peak contains two contributions one attributed to (111) diffraction plane of In 2 O 3 , which is usually situated ~31° and another to (101) diffraction plane of ZnO, which appears at 34° [25] . For the IZO1 and IZO2 layers, no diffraction peaks were observed.
If for the ITO and AZO, we have observed the appearance of a significant number of defects on the samples deposited at 4 and 6 cm, in the case of IZO, defects were evidenced just for the samples performed at the lower target-substrate distance (IZO1). For IZO layers, the transmittance is reduced compared with ITO and AZO (Figure 8b) . No noticeable differences appear in the transmission spectra of the IZO films deposited at different target-substrate distances, the transmittance having between 75 and 88%. The RMS values of the IZO films were evaluated by AFM (Figure 9) . Thus, for the IZO3 sample, low RMS value (2.1 nm) was interpolated from AFM measurements. The other two films (IZO1 and IZO2) present higher RMS values (47.4 and 21.2 nm). The great value obtained for the IZO1 can be attributed to the presence of the cracks in this film. The best value for IZO3 is comparable with that obtained for ITO1. In order to be adequate for device applications, in addition to possess good optical and electrical properties, the films must be characterized by a smooth surface [33] .
The resistivity values obtained for IZO samples were much better, compared with ITO and AZO layers, being ranged in 5.4-6.7 × 10 −4
Ωcm domain. These values are in agreement with other results obtained for coatings made on glass substrate [25] .
Considering all the investigated properties for ITO, AZO, and IZO deposited by PLD on the flexible substrate, it can be concluded that an important parameter in PLD process is the target-substrate distance. At a higher distance (8 cm) smooth films are obtained characterized by increased transmittances compared with the films obtained at 4 or 6 cm distance. Films with high transparency (over 95%) can be obtained by this laser technique.
As was already pointed, another technique to obtain TCO films is CPLD; this method allows to obtain doped films with a compositional gradient along the deposition substrate.
Using the same laser beam and a combinatorial geometry as that presented in Figure 2 , IZO films at 3 J/cm 2 laser fluence were deposited. Two targets with atomic In concentration, In/(In + Zn), of 28 and 56 at.% or 42 and 70 at.% were made by mixing In 2 O 3 and ZnO powders [73] . The combinatorial samples were obtained in 1 Pa oxygen atmosphere and at room temperature. The laser repetition rate was 10 HZ, and the number of pulses was 3000. Substrates for deposition were 26 × 76 mm microscope glass slides. The distance between the targets and substrate was 5 cm. In order to make a relevant comparison, samples from each target, but just by PLD, were also performed. The samples obtained by CPLD were IZOCMB1 (with 28% and 56%) and IZOCMB2 (with 42% and 70%). The sample produced by PLD are labeled as IZO1A (28%), IZO1B (56%), IZO2A(42%), and IZO2B(70%).
The UV-VIS spectra of the films deposited by PLD are presented in Figure 10a . The UV-VIS spectra of the combinatorial samples, IZOCMB1 presented in Figure 10b and IZOCMB2 presented in Figure 10c , were collected in three points corresponding to L, C, and R position (see Figure 2) . The spectra are presented subtracting the glass contribution. Independently of the method used for deposition, PLD or CPLD, the samples show a high transmittance (up to 95%) in 500-1000 nm domain, which is a good premise for this TCO material.
For the films obtained by CPLD, a nonlinear variation in the composition of the films has been revealed by Energy dispersive X-ray spectroscopy (EDS) measurements (Figure 11) . Data from 2.5 mm consecutive section along L-R line were mediated in order to establish the In, In/(In + Zn) content. Moreover, values from four areas were used to obtain the average In content from the target 1(TG1) and target 2 (TG2). We have obtained 28 and 56 at. 
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The variation of RMS as a function by distance is given in Figure 13 . The RMS mean value from three neighbor areas was used to plot each point in Figure 13 . A decrease in the RMS value was observed with the increase in the In content between L and R points. This observation is in agreement with other results presented in the literature [74] .
The modification of the electrical resistivity was also investigated along L-R direction of the films. The IZOCMB1 film presents a lower resistivity (2.3 × 10 −3 Ωcm) for 28.8-29.5 at.% In content (Figure 14a) , and IZOCMB2 film has a lower resistivity (8.6 × 10 −4 Ωcm) in 44-49 at.% of In content region (Figure 14b) . The literature reported similar data for the minimum resistivity obtained for samples with similar In atomic concentration deposited by magnetron sputtering [75, 76] .
In conclusion, In x Zn 1−x O (27≤ × ≤52) systems were performed by CPLD. The best resistivity value obtained was 8.6 × 10 −4 Ωcm that correspond to 44-46 at.% In content domain. All investigated films present a high optical transparency (~95%). This technique is useful for preparing TCO films with different composition and adequate optical and electrical properties. 
Organic thin films deposited by MAPLE-properties and applications
At the same time with the development of the organic materials domain, a large number of deposition methods had been adapted to obtain them as thin films. The most used technique to deposit organic layers was vacuum evaporation, but for materials as oligomers or polymers, more suitable are techniques involving solution because the risk to destroy the molecular chains during the deposition is reduced. The spin-coating method was frequently used as deposition technique for the polymers thin films preparation.
In the last years, the MAPLE method was introduced in order to process such organic materials, taking into account that MAPLE allows their transfer with the preservation of their chemical composition.
Subsequently are presented the organic thin layers prepared by MAPLE. These were investigated from morphological (AFM) and optical (UV-VIS, photoluminescence spectroscopy-PL, Fourier transform infrared spectroscopy (FTIR), and from electrical (current-voltage characteristics) point of view.
Oligomers based on arylenevinylene compounds
Arylenevinylene oligomers, 1,4-bis [4-(N,N-diphenylamino)phenylvinyl] benzene (P78) and 3,3-bis (N-hexylcarbazole)vinylbenzene (P13), with electron-donating groups (triphenylamine and N-alkylcarbazole), are used in combination with tris(8-hydroxyquinolinato)aluminum salt (Alq 3 ) to prepare by MAPLE organic heterostructures with one or two layers. The molecular formula of the oligomers used in this study was presented in Figure 15 . The concentration of the organic material in the dimethyl sulfoxide (DMSO), used as a solvent, was 2.5% (w/v). The depositions were made at 5 Hz laser frequency and at lower fluence (250 mJ/cm 2 ). In the heterostructures with two layers, the first deposited layer was the oligomer (P 13 or P78) and the second layer was Alq3 [77] . The number of laser pulses were 80,000 for 1P13, 1P78, and 1Alq3 samples and 160,000 for 2P13, 2P78, and 2Alq 3 samples. 
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The FTIR spectra (Figure 16 ) of the MAPLE-deposited layers have been analyzed and was concluded that no materials decomposition appear during the laser transfer. The peaks characteristic to P13 and P78 compounds were identified. The peak situated at 960 cm −1 is characteristic to HC=HC trans-out-of-plane bending vibration [78] , whereas the δ (C-N) stretching vibration appears at 1154 cm The UV-VIS spectra of the P13 and P78 layers deposited by MAPLE on ITO and with an additional Alq 3 layer are presented in Figure 17(a) and (b) . The structures realized with two organic materials are featured by a great transparency, 60% for λ > 550 nm. Absorption maxima attributed to the electronic π-π* transitions of the conjugated backbone [80] were evidenced. The absorption maxima characteristic to these materials and for the Alq 3, situated at low wavelength are hidden by the ITO substrate [81] .
The Alq 3 is frequently used in OLED applications due to its emission properties. The photoluminescence spectra of oligomers and Alq 3 , obtained at 350 nm excitation wavelength are given in Figure 17(c) and (d) . The emission band with the maximum situated at 523 nm is attributed to the presence of the Alq 3 meridional stereoisomer [80] . P13 oligomer showed two emission maxima (490 and 525 nm), while P78 discloses a raw maxima at 500 nm [80] , the prepared films preserving the emission properties of the start materials. Different topographies of the films deposited by MAPLE are presented in Figure 18 . The globular morphology is characteristic to MAPLE process [2, 11] . The RMS values obtained by interpolation of a single layer deposited on ITO evidenced that the P78 film (24.6 nm) presents a higher roughness compared with P13 (8.2 nm) ( Table 2 ).
The samples made with a doubled number of pulses present RMS values comparable with that obtained for the samples realized with 80,000 laser pulses. A decrease in the RMS values was observed for the samples based on P78 and Alq 3 double layers, while an increase was seen for the sample containing P13 and Alq3 ( Table 2 ). The higher roughness of P78 seems to favor a better fit of Alq 3 molecules.
The I-V characteristics recorded in 0-10 V domain in the dark are presented in Figure 19 . No rectifying properties were observed for the investigated heterostructures. A good current value (8 × 10
A at 1 V) was evidenced in the sample based on P78 and Alq3 with thicker layers. The lowest current value was presented by the sample with Alq 3 layer realized at 160,000 laser pulses. Regarding the I-V characteristics of the heterostructures based on oligomers, it was remarked that their behavior is different. If, in the heterostructure with P78, a high current value was obtained for thicker layer (ITO/2P78/2Alq 3 /Al), for the heterostructure with P13, the higher current value was recorded for thinner layers (ITO/1P13/1Alq 3 /Al). No relevant changes are expected in the charge flow because there are no significant differences in the energetic barriers at IOT/P78 and ITO/P13 interfaces ( Figure 20) .
As was supposed by Gao [82] , at the Al/Alq 3 interface, it can appear as a dipole layer, marked by a potential shift of −0.9 V, which determines a lowering of the Al cathode Fermi level to −5.2 eV, close to the Alq 3 HOMO level. The compounds have energy level positions that determine ohmic behavior or the appearance of the space charge limited currents (SCLC).
Analyzing at 1 V applied voltage, it is observed that in the heterostructure with Alq3 single layer formed with two layers, the current increases from 1.5 × 10 −12
A for the ITO/2Alq 3 / Al structure at 7 × 10 −9
A and at 8 × 10 −6 A for the ITO/2P13/2Alq 3 /Al structure and for the ITO/2P78/2Alq 3 /Al, respectively.
Thin films from oligomers and Alq 3 were deposited by MAPLE, and the films preserved the optical properties of the raw powders materials. In the heterostructure containing P78 and Alq 3 as stacked layers, the current value can be increased by using a thicker P78 layer. Figure 19 . Current-voltage characteristics, in logarithmic representation, of the heterostructures based on arylenevinylene oligomer deposited on glass/ITO substrate by MAPLE using different no. of pulses (80,000 or 160,000): glass/ ITO/Alq3/Al (curve 1-80,000 pulses, curve 2-160,000 pulses), glass/ITO/P13/Alq3/Al (curve 3-80,000 pulses, curve 4-160,000 pulses, curve 5-160,000 pulses, rev. bias), glass/ITO/P78/Alq3/Al (curve 6-80,000 pulses, curve 7-160,000 pulses).
Polymers based on arylene compounds
From the first generation of the organic photovoltaic cells realized with a single organic layer between anode and cathode [83] , numerous attempts were made to improve the final cell parameters, either by developing new materials (as polymers with special properties) or using different cell architectures.
MAPLE method was used to obtain thin films from arylene-based polymers. The used polymers were poly[N-(2-ethylhexyl)2.7-carbazolyl vinylene]/AMC16 and poly[N-(2-ethylhexyl)2.7-carbazolyl 1.4-phenyleneethynylene]/AMC22 with the chemical structure presented in Figure 21 . The same laser source mentioned above was used for the MAPLE deposition. The chloroform was used to obtain a target with 3 g/l concentration. We have deposited thin films on ITO, ITO covered with poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate) (PEDOT:PSS) and Si substrates in the following experimental conditions: 250 mJ/cm 2 laser fluence and 30,000 laser pulses [84] . The UV-VIS spectra (Figure 22a ) and (b) of the organic film deposited by MAPLE were given in comparison with drop-cast realized films on glass substrate. A high transmittance is observed both for MAPLE films and for the drop-cast coatings (Figure 22a) . The absence of the absorption maxima from 375 nm in the layers prepared by MAPLE (observed for the films deposited by drop-casting) is attributed to some modifications in the electronic structures of the polymeric films, determined by some differences in the arrangement of the molecules on the substrate surface. If for the preparing drop-cast film, the solvent is evaporated at room temperature, in MAPLE the solvent is thermally evaporated during the film deposition [85, 86] . Some cluster can appear, and this can affect the polymer backbone configuration [87, 88] . The polymers deposited by MAPLE on ITO and ITO/PEDOT:PSS (Figure 22b ) exhibit a lower transmittance compared with the same layers prepared on glass.
The AFM images of the AMC 16 and AMC 22 films prepared by MAPLE on ITO and on ITO/PEDOT:PSS are given in Figure 23 . The AMC22 polymer (with a reduced conjugated chain) forms layers with an increased roughness (RMS = 42 nm), when it is deposited on ITO/ PEDOT:PSS substrate compared with the same layer deposited on ITO (RMS = 36 nm). In the case of AMC 16 with longer conjugated length, an increased roughness was obtained for the sample made on simple ITO substrate (RMS = 49.5 nm) compared with the sample realized on ITO/PEDOT:PSS substrate (RMS = 37 nm).
The I-V characteristics plotted in the dark and under illumination put into evidence the appearance of the photovoltaic effect in the polymeric films realized on ITO covered by an additional PEDOT:PSS layer (Figure 24) . A higher current density (2.5 × 10 
FF = 25.9%
). This sustains that a better collection of the charge appears in the cell structure realized with the polymer having a longer conjugation length. On the other hand, this is the sample with a lower roughness (RMS = 37 nm) of the active layer favoring the charge carrier transport. Taking into account the presented results, it can be concluded that using MAPLE, polymeric thin films are deposited, characterized by good absorption in the blue-green region of the solar spectrum. The structures realized on ITO/PEDOT:PSS with AMC 16 and AMC 22 present photovoltaic effect, meaning that these materials can be taken into consideration for further applications in the OPV domain.
Conclusion
Summarizing, various thin films were deposited by PLD, CPLD, and MAPLE, the laser deposition technique being chosen in accordance with the material type (TCO or soft organic materials).
TCO films as ITO, AZO, and IZO are prepared by PLD on plastic substrate that presents a high transparency (~95%) and a reduced electrical resistivity (5 × 10
Ωcm), and the characteristics are very useful for integrating them in flexible electronics. An important parameter in the PLD experiments is the target-substrate distance. At a higher distance (8 cm), films free of cracks with a high transmittance and a reduced roughness were obtained. The exhibited electrical and optical properties are very good; all depositions were performed at room temperature without heating of the substrates. Layers based on arylenevinylene oligomers (P13, P78) and Alq3 were transferred by MAPLE without any material deterioration. Organic heterostructures with one or two organic layers were deposited. The optical properties of the start compounds were preserved. The prepared organic films present a good transmittance in the visible domain and the emission bands characteristic to the oligomers and to the Alq3. The globular morphology characteristic to MAPLE process was remarked. The I-V characteristics were symmetric, and the injector contact behavior was evidenced for the prepared heterostructures. For ITO/P78/Alq 3 /Al heterostructures, the I-V plots evidenced dependence between the current value and the thickness of the organic layers.
Thin films from new arylene-based polymers were also processed by MAPLE. A good absorption was evidenced in the blue-green domain of the solar spectrum for the samples prepared with each polymer. The appearance of the photovoltaic effect was remarked for the heterostructures based on AMC16 film and AMC22 film deposited on ITO covered by a thin layer of PEDOT:PSS, which confirm that this buffer layer favors the charge carrier collection. The heterostructure based on the polymer with longer conjugation length present the higher dark current density. Due to their optical and electrical properties, such organic heterostructures can be interesting for OPV applications.
